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(57)Abstract: 

PURPOSE: To improve a line width stability by accurately 
controlling a time from exposure of a photoresist layer to PEB 
(postexposure heat treating) and a time from the PEB to cooling. 
CONSTITUTION: A system in which an exposure unit 9 is 
connected to a heating unit 5 for conducting PEB or a cooling unit 

13 by a special purposed conveying system 6 independent from a 

main conveying system 2 is built. This is a structure in which a 
heating unit and a cooling unit contained in a conventional resist 
coating/developing unit are connected to a conventional exposure 
unit, and a heating unit and a cooling unit may be contained in the 
conventional exposure unit. Thus, since a predetermined time 
between the steps for affecting largest influence to a resist 
reaction can be accurately and rapidly managed by the special 
purposed conveying system, a preferable pattern can be formed 
even when the chemically amplifying resist material is used. 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The resist pattern formation approach characterized by controlling the time amount of the time 
[ time / of termination of the exposure to the resist ingredient layer on a substrate ] of initiation of heat 
treatment independently of the duration between regularity and other processes. 

[Claim 2] The resist pattern formation approach according to claim 1 characterized by controlling uniformly 
the time amount of the time [ time / of termination of said heat treatment ] of initiation of cooling. 
[Claim 3] Said resist ingredient layer is the resist pattern formation approach according to claim 1 or 2 
characterized by being formed using a chemistry multiplier system resist ingredient. 
[Claim 4] The resist pattern formation system which comes to have the exclusive conveyance system 
which connected the exposure unit which exposes the resist ingredient layer on a substrate, the heating 
unit which heats said substrate, the main conveyance system which performs the taking-out close of the 
substrate to system inside and outside at least, and said exposure unit and said heating unit, and became 
independent of said main conveyance system. 

[Claim 5] The resist pattern-formation system which it comes to have in the exclusive conveyance system 
which connected the exposure unit which exposes the resist ingredient layer on a substrate, the heating 
unit which heats said substrate, the main conveyance system which performs the taking-out close of 
cooling / cooling/temperature control unit which carries out temperature control, and the substrate at 
least to system inside and outside for said heated substrate, and said exposure unit, said heating unit and 
said refrigeration unit, and became independent of said main conveyance system. 

[Claim 6] The resist pattern formation system which comes to have the exposure unit which builds in the 
exclusive conveyance system which connects the exposure section which exposes the resist ingredient 
layer on a substrate, the heating unit which heats the substrate after exposure, and these Ryobe. 
[Claim 7] The resist pattern formation system which comes to have the exposure unit which builds in the 
exclusive conveyance system which connects cooling / cooling/temperature control part which carries out 
temperature control, and these each part for the exposure section which exposes the resist ingredient 
layer on a substrate, the heating unit which heats the substrate after exposure, and the substrate after 
heating. 

[Claim 8] A resist pattern formation system given in any 1 term of claim 4 which comes to have a control 
means of operation for maintaining uniformly the process time amount in each unit connected by said 
exclusive conveyance system or each part based on actuation of this exclusive conveyance system 
thru/or claim 7. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] the system which uses this invention for the formation approach of the resist 
pattern applied to micro processing, such as manufacture of a semiconductor device, and this — being 
related — especially — heat treatment from after exposure termination — it is further — it is — it is 
related with the approach and equipment which raise the line breadth stability of a resist pattern through 
performing time management to cooling correctly. 
[0002] 

[Description of the Prior Art] In the manufacture field of a semiconductor device, contraction of a design 
rule is advancing at an increasing tempo, and a generation's 256MDRAMs require the ultra-fine processing 
technology which can attain the minimum processing dimension around 0.25 micrometers one after another 
around 0.35 micrometers at next-generation 64MDRAMs. The technique used as the key of this micro- 
processing implementation is a photolithography, and research on the far-ultraviolet-rays lithography using 
the far-ultraviolet light source and chemistry multiplier system resists, such as KrF excimer laser light 
(lambda= 248nm), as that one selection branch is done briskly. 

[0003] A chemistry multiplier system resist is the photoresist ingredient of the type which produces the 
local solubility change to a developer, when the acid which carried out decomposition generation from the 
photo-oxide generating agent by exposure works at the continuing PEB (exposure postheat treatment) 
process as a catalyst of resist reactions, such as bridge formation of base resin, a polymerization, and 
functional-group conversion. However, since the acid used as this catalyst is a minute amount very much, 
it is known that the line breadth stability at the time of using a chemistry multiplier system resist ingredient 
will receive big effect in slight fluctuation of processing conditions. 

[0004] It lurks in all the fields of photolithographies, such as exposure, resist spreading, baking, and 
development, and, as for this fluctuation factor, the various cure for eliminating this is proposed about the 
aligner, or the resist spreading / developer (coater/developer). There is production control called the so- 
called baton management to one of the cures to resist spreading / developer. This is the approach by 
which the process time amount (baton time amount) in each unit which performs resist spreading, baking, 
development, etc. is set as a certain fixed value, and processing was made to be performed by the equal 
process flow to every wafer. By this approach, it was canceled stagnation of the wafer in the rate-limiting 
part of equipment, with [ of the baking time amount resulting from this ] the rose, etc., and the fixed 
improvement was brought to line breadth stability. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the pattern formation using a chemistry multiplier 
system resist, the parameter which has biggest effect on pattern precision is time amount until it starts 
PEB after termination of exposure. For example, if the acid generated by exposure is spread to an 
unexposed field and decomposes a lysis inhibition agent superfluously in this time amount when a positive 
resist is used, the line breadth of a pattern will become thin or contrast will fall. On the contrary, if the 
alkali steam resulting from HMDS (hexamethyldisilazane) and the resist developer which are used for 
hydrophobing processing, a wall surface coating, a HEPA filter of a clean room, etc. exists in the ambient 
atmosphere at this time, an acid will deactivate by this and line breadth will become thick. 
[0006] However, time management between each process to which above-mentioned baton management is 
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carried out inside resist sprea^^^/ developer cannot be performed, and ^^^g adjustment between the 
processes performed with one and the aligner of these processes cannot be aimed at. Consequently, the 
following problems occur. In baton management, fluctuation of process time amount occurs by making 
baton time amount into one unit. For example, when baton time amount is set as 100 seconds, the wafer 
which exposure ended in 100 seconds is conveyed immediately to a PEB process, but for 99 more seconds 
must stand by until, as for the wafer which exposure took 101 seconds, the following conveyance timing 
comes. That is, the process time difference for 1 second in a last process will be expanded to the time 
difference for 100 seconds before process [ degree ] initiation. 

[0007] According to the experiment of this invention person, when the Rhine pattern of 0.35-micrometer 
width of face was formed using a chemistry multiplier system resist ingredient (the product made from 
SHIPURE; trade name XP8843), and changing the time amount from exposure to PEB for 100 seconds, no 
less than 0.05 micrometers of line breadth were changed. Furthermore, no less than the 0.10 micrometers 
of the above-mentioned Rhine patterns were changed in the 1 ppm amine ambient atmosphere. In this 
invention person's trial calculation, the tolerance of line breadth homogeneity in a 0.35-micrometer design 
rule is **0.023 micrometers, and above-mentioned fluctuation has exceeded this range clearly. 
[0008] In order to cancel conflict of such baton management, it is possible to set up the longest baton time 
amount which resets up baton time amount for every layer of a device, or can be considered, however, line 
breadth homogeneity deteriorates remarkably by carrying out prolonged maintenance (exaggerated BEKU) 
of these policies in the state of an elevated temperature, while the wafer after PEB which requires 
complicated actuation and with which a throughput falls sharply has not been sent to cooling/temperature 
control unit by it — the evil of ** is caused and it cannot be said to be realistic correspondence. 
[0009] Then, this invention aims at offering the approach of raising the line breadth homogeneity of a resist 
pattern, and the system which can realize this, without causing this evil. 
[0010] 

[Means for Solving the Problem] The problem concerning the above conventional time management 
originates in being carried out by control of resist spreading / developer and control of an aligner 
dissociating, this invention person regards as a system which had these two equipments unified, both 
considers the thing which control the duration between processes sensitive to time variation to regularity 
and the shortest and which is made for this control to become independent of control between other 
processes, and came to propose this invention. 

[001 1] That is, the time amount between regularity and other processes controls independently the time 
amount of the time [ time / of termination of exposure of as opposed to the resist ingredient layer on a 
substrate in the resist pattern formation approach of this invention ] of initiation of heat treatment. This 
control may be further combined with the control which sets constant the time amount of the time [ time / 
of termination of heat treatment ] of initiation of cooling. 

[0012] In addition, the above-mentioned exposure may not be restricted to exposure by excimer laser light, 
for example, may be the energy beam exposure by the electron beam, an ion beam, etc. The approach of 
this invention demonstrates the especially excellent real value in the pattern formation using the chemistry 
multiplier system resist ingredient most sensitively influenced to the duration between -Xexposure) 
(PEB)-> (cooling). 

[0013] On the other hand, the resist pattern formation system of this invention comes to have the heating 
unit which heats the exposure unit which it is and exposes the resist ingredient layer on a substrate and 
said substrate for realizing an above-mentioned approach, the main conveyance system which performs 
the taking-out close for the substrate to system inside and outside at least, and the exclusive conveyance 
system which connected these 2 unit and became independent of said main conveyance system. 
[0014] Furthermore, it is good also as a configuration in which cooling/temperature control unit was added, 
and these 3 unit was connected with the independent exclusive conveyance system. In any case, this 
system may be equipped with the carrier station which contains the hydrophobing processing unit with 
which the usual resist spreading / developer besides an above-mentioned unit is equipped, a resist 
spreading unit, a development unit, and a wafer cassette. 

[0015] Furthermore, the heating unit which heats the substrate after the exposure unit itself being exposed 
may be built in as another configuration, and the cooling section which cools the substrate after heating in 
addition further may be built in. Substrate conveyance to the heating unit and the cooling section which 
expose the resist ingredient layer on a substrate in these cases from the exposure section is performed by 
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the exclusive conveyance sys^^built in an exposure unit. 

' [0016] In addition, in the resist pattern formation system which has each above configuration, the control 
means of operation for maintaining uniformly the process time amount in each unit connected by the 
above-mentioned exclusive conveyance system or each part based on actuation of this exclusive 
conveyance system can be established. 
[0017] 

[Function] According to the resist pattern formation approach and resist pattern formation system of this 
invention, when a chemistry multiplier system resist is used, conveyance between the processes which do 
the biggest effect for pattern formation precision, or between units is performed within exact time amount. 
That is, the time amount from after large exposure of effect to PEB initiation and the time amount from 
after PEB with large effect to a degree to cooling initiation are correctly controllable most. Since an 
exclusive conveyance system is used for this conveyance, the process connected by this stops and 
influencing of other rate-limiting processes. Being put to the open air for a long time, while the wafer which 
followed, for example, ended exposure has not been carried in to a heating unit, or being left as it is, 
without taking out the wafer which ended PEB within the heating unit to cooling/temperature control unit 
is lost. Consequently, the line breadth by diffusion of the acid after exposure can become thin, or **** of 
the line breadth by deactivation of an acid can be prevented. 

[0018] especially — an exposure unit — setting — the exposure section and a heating unit — it is further 

— it is — since it can send to a PEB process, and cooling / temperature control process following it, 
without completely putting the wafer after exposure to the open air when cooling/temperature control part 
is made to unify, very advanced line breadth management is attained. 

[0019] 

[Example] Hereafter, the concrete example of this invention is explained. However, this invention is not 
limited to these examples at all, and the details of a system configuration or actuation can be changed 
suitably. 

[0020] By example 1 this example, the resist pattern formation structure of a system equipped with the 
exclusive conveyance system between the exposure units (Exp) and heating units (H.P.) which were unified 
through the interface (I/F), and its operation are explained, referring to drawing 1 . 

[0021] This system connects resist spreading / conventional developer, and a conventional aligner with an 
interface 8 constitutionally, and also makes the transfer control between both equipments possible with the 
transfer control in each equipment. 

[0022] Namely, the part equivalent to the conventional resist spreading / developer It takes out one wafer 
at a time from the carrier station (C/S) 1 in which the wafer cassette which contains two or more wafers 
was held, and here. The wafer stage (W/S) 4 and interface 8 which once lay the wafer laid in the 
conveyance arm 3 of the main conveyance system 2 and the main conveyance system 2 conveyed to the 
various processing units 12 are minded. Let the heating unit (H.P.) 5 grades which built in the hot plate for 
performing the exclusive conveyance system 6 equipped with the conveyance arm 7 for performing the 
taking-out close of the wafer to the exposure unit 9, and PEB be the main components. 
[0023] The heating unit for generally performing a hydrophobing processing unit, a resist spreading unit, and 
prebaking and postbake, a development unit, cooling/temperature control unit, etc. are contained in the 
above-mentioned processing unit 1 2. However, since these classes and numbers can be suitably chosen 
according to a desired process, it does not specify, but it is colored a halftone and this drawing has shown 
especially the detail in the gross. 

[0024] The configuration of the exposure unit (Exp) 9 is the same as that of the usual aligner, and is 
equipped with the conveyance arm 1 1 grade for laying a wafer in the exposure stage 10 and this, the above 

— a configuration — the point — PEB — carrying out — heating — a unit — ( — H — ) — five — others 

— the purpose — heating — carrying out — heating — a unit — being independent — ** — carrying out 

— this — exposure — a unit (Exp) — nine — most — being near — a location — arranging — and — 
exposure — a unit — nine — from — this — heating — a unit — ( — H — ) — five — a wafer — 
conveying — conveyance — a system (exclusive conveyance system 6) — main — conveyance — a 
system — two — from — becoming independent — having made — things — it is . 

[0025] the actuation at the time of the above-mentioned system use — an outline — it is as follows. First, 
the wafer which ended resist spreading, prebaking, and cooling in either of the processing units 12 is laid in 
the wafer stage 4 by the conveyance arm 3 of the main conveyance system 2. This wafer is carried in to 
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the exposure unit (Exp) 9 thra 




an interface (I/F) 8 by the conveyance 




7 of the exclusive 



conveyance system 6, is laid on the exposure stage 10 by the conveyance arm 11, and receives 
predetermined exposure. 

[0026] The wafer after exposure is taken out through an interface (I/F) 8, is immediately carried in to the 
heating unit (H) 5 by the exclusive conveyance system 6, and receives PEB. After the wafer which PEB 
ended is laid in the wafer stage (W/S) 4 by the exclusive conveyance system 6, it is conveyed by the main 
conveyance system 2 by either of the processing units 12, and receives processing of cooling, 
development, postbake, etc. 

[0027] According to this system configuration and operation, it depends for the time amount from exposure 
termination to PEB initiation only on actuation of the exclusive conveyance system 6. Therefore, rate- 
limiting ************ etc. does not influence the above-mentioned time amount at all whether baton 
management is performed between the processing units 12 in which the main conveyance system 2 
participates, and where. Even if the wafer has stagnated on the processing unit 12 or the conveyance arm 
3, PEB can make the wafer after exposure stand by on the conveyance arm 7 or the wafer stage (W/S) 4 
in the condition of having made it ending promptly in fixed time amount, for the time being. 
[0028] When this system actually performed pattern formation by KrF excimer laser lithography using the 
chemistry multiplier system resist ingredient (the product made from SHIPURE; trade name XP8843), in the 
Rhine pattern of 0.35-micrometer width of face, the line breadth homogeneity of **0.020 micrometers was 
able to be attained. 

[0029] By example 2 this example, the resist pattern formation structure of a system equipped with the 
exclusive conveyance system between the exposure unit (Exp), and the heating unit (H.P.), and 
cooling/temperature control unit (C) unified through the interface (I/F) and its operation are explained, 
referring to drawing 2 . In addition, the reference mark of drawin g 2 is as common as drawin g 1 in part. 
[0030] A different point from the system which this system mentioned above in the example 1 is a point 
which also made the refrigeration unit (C) 1 3 the range in its duty of the exclusive conveyance system 6 
with the heating unit (H.P.) 5. 

[0031] At the time of the above-mentioned system use, the wafer which finished exposure in the exposure 
unit (Exp) 9 is first carried in to the heating unit (H) 5 by the conveyance arm 7 of the exclusive 
conveyance system 6 through an interface (I/F) 8, and receives PEB here. The wafer which ended PEB is 
immediately carried in to cooling / temperature control unit (C) 13 by the conveyance arm 7. After being 
cooled to temperature almost equal to the room temperature of a clean room here, a wafer is conveyed 
through the wafer stage (W/S) 4 to other processing units 12, and receives processing of development, 
postbake, etc. 

[0032] According to this system configuration and operation, the time amount from after PEB termination 
to cooling initiation also becomes controllable independently [ the main conveyance system 2 ] with the 
time amount from after exposure termination to PEB initiation. When this system actually performed 
pattern formation by KrF excimer laser lithography using the chemistry multiplier system resist ingredient 
(the product made from SHIPURE; trade name XP8843), the line breadth homogeneity of **0.015 
micrometers which was further superior to the example 1 in the Rhine pattern of 0.35-micrometer width of 
face was able to be attained. 

[0033] By example 3 this example, the resist pattern formation system by which the heating unit (H.P.) and 
the refrigeration unit (C) were built in the exposure unit (Exp) 25 is explained, referring to drawin g 3 . This 
system makes both unify in the form which builds into the interior of an aligner some of heating units 
constitutionally contained in the conventional resist spreading / developer, and cooling/temperature 
control units. 

[0034] That is, the part equivalent to the conventional resist spreading / developer consists of the carrier 
station (C/S) 21, a main conveyance system 22 equipped with the conveyance arm 23, and processing unit 
30 grade that performs various processings, and these are connected with the exposure unit 25 through 
the interface (I/F) 24. In addition, the heating unit for generally performing a hydrophobing processing unit, 
a resist spreading unit, and prebaking and postbake, a development unit, cooling/temperature control unit, 
etc. are contained in the above-mentioned processing unit 30. 

[0035] on the other hand — exposure — a unit (Exp) — 25 — exposure — a stage — 26 — conveyance - 
- an arm — 27 — a grade — usual — an aligner — a configuration — adding — PEB — carrying out — a 
sake — heating — a unit — ( — H.P. — ) — 28 — PEB — termination — the back — a wafer — cooling - 
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- a sake — cooling — / — a ^^erature control unit — ( — C — ) — 29^^uilding — **** . The above- 
mentioned exposure stage 26 and the heating unit (H.P.) 28 are fully insulated mutually. 

[0036] In addition, all over drawing, there is a possibility that it may raise [ ** ] the temperature of the 
wafer which accumulation of the heat of the wafer taken out from the heating unit (H.P.) 28 is carried out 
to the conveyance arm 27, and is laid on the exposure stage 26 if the conveyance arm 27 provides all 
conveyances in the exposure unit (Exp) 25 with one conveyance arm in fact although only one is shown. 
Therefore, it is desirable to install separately the conveyance arm for exposure stage 26 and the 
conveyance arm for heating units (H.P.) practically. 

[0037] the above — a configuration — the point — PEB — carrying out — heating — a unit — ( — H — ) 

- 28 — the — immediately after — cooling — / — temperature control — carrying out — cooling — / — 
a temperature control unit — ( — C — ) — 29 — exposure — a unit (Exp) — 25 — the interior — having 
installed — things — exposure > — PEB > — cooling — a single string — a process — a wafer - 

- the open air — completely — putting — without — and — quick — it can carry out — having made — a 
point — it is . the actuation at the time of the above-mentioned system use — an outline — it is as 
follows. 

[0038] The wafer which ended resist spreading and prebaking is carried in to the exposure unit (Exp) 25 
through an interface (I/F) 24, and is laid on the exposure stage 26 by the conveyance arm 27. The wafer 
which ended exposure is immediately carried in to the heating unit (H.P.) 28, receives PEB, and is further 
cooled within cooling / temperature control unit (C) 29 immediately after PEB termination. The cooled 
wafer is taken out through an interface (I/F) 24, and is conveyed to the processing unit 30 which performs 
predetermined processing by the conveyance arm 23 of the main conveyance system 22. 
[0039] According to this system configuration and operation, conveyance concerning exposure ->PEB-> 
cooling can be managed with the minimum time amount, and, moreover, a wafer does not contact the open 
air at all in the meantime. When this system actually performed pattern formation by KrF excimer laser 
lithography using the chemistry multiplier system resist ingredient (the product made from SHIPURE; trade 
name XP8843), in the Rhine pattern of 0.35-micrometer width of face, the line breadth homogeneity of 
**0.015 micrometers was able to be attained. 
[0040] 

[Effect of the Invention] Since the time amount from after the exposure termination which does the 
biggest effect in a resist reaction to PEB initiation, and the time amount from after PEB termination to 
cooling initiation will be controlled correctly and short clearly also from the above explanation if this 
invention is applied, the line breadth homogeneity of a resist pattern can be raised remarkably. It is very 
effective when a chemistry multiplier system resist ingredient sensitive to fluctuation of the above- 
mentioned time amount is used especially. This invention contributes to high integration of a 
semiconductor device, and high performance-ization greatly through a raise in reliance of this resist 
pattern formation. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing J.] It is the typical top view of the resist pattern formation system equipped with the exclusive 
conveyance system between the exposure units (Exp) and heating units (H.P.) which were unified through 
the interface (I/F). 

[Drawing 2] It is the typical top view of the resist pattern formation system equipped with the exclusive 
conveyance system between the exposure unit (Exp), and the heating unit (H.P.), and cooling/temperature 
control unit (C) unified through the interface (I/F). 

[Drawing 3] It is the typical top view of the resist pattern formation system equipped with the exposure 
unit (Exp) which builds in a heating unit (H.P.), and cooling/temperature control unit (C). 
[Description of Notations] 

1 21 ... Carrier station (C/S) 

2 22 ... Main conveyance system 

3 23 ... (the main conveyance system) Conveyance arm 

5 29 ... Heating unit (H.P.) 

6 ... Exclusive Conveyance System 

7 ... (Exclusive Conveyance System) Conveyance Arm 

9 25 ... Exposure unit (Exp) 

10 26 ... Exposure stage 

1 1 27 ... (inside of an exposure unit) Conveyance arm 
1 3 28 ... Refrigeration unit (C) 

8 24 ... Interface (I/F) 
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